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Abstract 
This paper presents recent development of Silicon on Insulator (SOI) detectors for microdosimetry at the 
Centre for Medical Radiation Physics (CMRP) at the University of Wollongong. A new CMRP SOI 
microdosimeter design, the 3D mushroom microdosimeter is presented. Modification of SOI design and 
changes to the fabrication processes have led to improved definition of the microscopic sensitive 
volumes (SV), and thus to better modelling of the deposition of ionizing energy in a biological cell. The 
electrical and charge collection properties of the devices have been presented in previous works. In this 
study, the response of the microdosimeters in monoenergetic and spread out Bragg peak therapeutic 12C 
ion beam at Heavy Ion Medical Accelerator in Chiba (HIMAC, Japan) are presented. Derived relative 
biological effectiveness (RBE) in 12C ion radiation therapy matches the tissue equivalent proportional 
counter (TEPC) well, along with outstanding spatial resolution. The use of SOI technology in experimental 
microdosimetry offers simplicity (no gas system or HV supply), high spatial resolution, low cost, high 
count rates capabilities for beam characterisation and quality assurance (QA) in charged particle therapy. 
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1. Introduction 1 
Radiotherapy using heavy ion beams such as Carbon-ions is 2 
advantageous for the treatment of deep-seated tumors over 3 
conventional radiotherapy with X-rays due to an enhanced dose 4 
deposition in the Bragg peak (BP) at the end of the ion range. The high 5 
localization of dose delivery ensures the highest dose deposited in the 6 
tumour with minimal dose to the surrounding healthy tissue. 7 
Furthermore, the Relative Biological Effectiveness (RBE) of 12C ions 8 
used in hadron therapy greatly depends on the depth of the target 9 
volume in the body due to LET variation, nuclear fragmentation 10 
processes and neutron productions. Due to the complexity of the field, 11 
it is important to estimate the RBE of the heavy ions in hadron therapy 12 
applications so as to deliver the correct dose.  13 
Microdosimetry is an extremely useful technique for estimating the 14 
RBE in unknown mixed radiation fields, typical for hadron therapy. 15 
The conventional detectors for microdosimetry is the tissue equivalent 16 
proportional counter (TEPC) which shows advantages of isotropic 17 
response thanks to the spherical sensitive volume and tissue 18 
equivalence of walls and filling gas. However, the TEPC has several 19 
limitations such as high voltage operation, large size of assembly, 20 
which reduces spatial resolution and introduces wall effects, and an 21 
inability to simulate multiple cells.  22 
The Centre for Medical Radiation Physics (CMRP) has developed 23 
multiple generations of microdosimeters on silicon-on-insulator (SOI) 24 
substrates which have been successfully tested [1-6] and recently 25 
summarized in [7]. The latest development of SOI microdosimeters at 26 
CMRP is the 3D array microdosimeter (also called “mushroom” 27 
microdosimeters) using 3D micro technology at SINTEF MiNaLab, 28 
Norway. The charge collection properties have been presented in [8]. 29 
This paper presents the response of the 3D mushroom 30 
microdosimeter in a therapeutic 12C ion beam in HIMAC, Japan and 31 
shows its application for relative biological effectiveness (RBE) 32 
determination in charged particle therapy. 33 
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▶  The application of the silicon microdosimeters for radiation field characterisation in heavy ion therapy was presented 
▶  Microdosimetric measurements and dose equivalent determination of penumbra for RBE10 in 12C ion therapy 
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 This paper presents recent development of Silicon on Insulator (SOI) detectors for 
microdosimetry at the Centre for Medical Radiation Physics (CMRP) at the University of 
Wollongong. A new CMRP SOI microdosimeter design, the 3D mushroom microdosimeter 
is presented.  Modification of SOI design and changes to the fabrication processes have led 
to improved definition of the microscopic sensitive volumes (SV), and thus to better 
modelling of the deposition of ionizing energy in a biological cell. The electrical and 
charge collection properties of the devices have been presented in previous works. In this 
study, the response of the microdosimeters in monoenergetic and spread out Bragg peak 
therapeutic 12C ion beam at Heavy Ion Medical Accelerator in Chiba (HIMAC, Japan) are 
presented. Derived relative biological effectiveness (RBE) in 12C ion radiation therapy 
matches the tissue equivalent proportional counter (TEPC) well, along with outstanding 
spatial resolution.  The use of SOI technology in experimental microdosimetry offers 
simplicity (no gas system or HV supply), high spatial resolution, low cost, high count rates 
capabilities for beam characterization and quality assurance (QA) in charged particle 
therapy.  
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 5 
depth while  is in opposite correlation with values of 5.4 and 4.0, 1 
respectively. This can be explained due to larger partial contribution of 2 
heavier fragments and fast neutrons at 146mm depth in comparison to 3 
the shallower depth 19.41mm, while physical dose due to fragments is 4 
lower at depth 146mm than at 19.41mm depth for this lateral point.  5 
4. Conclusion 6 
Two SOI mushroom microdosimeters structures have been 7 
recently developed, fabricated and characterised in pristine and SOBP 8 
12C ion beams at HIMAC, Japan. The dose mean lineal energy and 9 
RBE10 distributions in water were obtained with exceptionally high 10 
spatial resolution in the BP and the distal part of the BP. This work has 11 
shown that the 	at the entrance of the 12C pristine BP (11.3keV/µm) 12 
was lower than that obtained at the entrance of the SOBP 13 
(14.5keV/µm). However the maximum  	 values in the pristine BP 14 
was higher than those in the SOBP due to the presence of an Al ridge 15 
filter. The maximum RBE10 values for 
12C ions occurred at the same 16 
depth as the maximum physical dose in the BP which is in agreement 17 
with other work [13]. This confirms the advantage of using 12C ion for 18 
treatment of tumours. 19 
The results obtained by the SOI microdosimeters show good 20 
agreement with the TEPC after the application of proper correction 21 
factors to convert the silicon response to that biological tissue and 22 
indicate that the mushroom microdosimeter is suitable for use in heavy 23 
ion therapy applications. 24 
The lateral RBE10 and dose mean lineal energy distributions were 25 
obtained in this study for a depth close to the entrance and a depth at 26 
the end of the SOBP.   It has been shown that in the penumbra region 27 
the lateral RBE10 sharply decreased for 146mm depth and slightly 28 
increased for 19.41mm depth. The dose equivalent at these lateral 29 
points were also estimated. The dose equivalent reduced over a short 30 
distance for lateral points at 19.41mm depth in comparison with 31 
146mm depth.   32 
The silicon microdosimeter containing 3D SVs presented in this 33 
study is a new and fast radiation field characterisation tool that has 34 
been tested and applied in heavy ion therapy applications with sub-35 
millimetre spatial resolution. It shows great promise as an 36 
experimental device used for microdosimetric spectra measurements 37 
and based on this, commissioning of RBE used in treatment planning 38 
systems. 39 
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